Survival depends on the ability to learn from experience and adapt to our environment. Exactly how the nervous system accomplishes this remains poorly understood. One overarching principle that governs learning and memory is synaptic plasticity, which involves modification of transmission at both the pre-and postsynaptic terminals. While acetylcholine can regulate information transfer and tune synapses throughout the brain (Higley et al., 2009; Ji et al., 2001; Power and Sah, 2008; Wang et al., 2006) , how cholinergic coordination of defined synaptic pathways contributes to learned behaviors is less clear. In this issue of Neuron, Lee et al. (2016) and Jiang et al. (2016) demonstrate how acetylcholine can modify glutamatergic synapses in the nucleus accumbens (NAc) and basolateral amygdala (BLA), respectively, to regulate learning in mice.
Cholinergic interneurons are thought to play a critical role in regulating corticostriatal plasticity (Kreitzer and Malenka, 2008; Lovinger, 2010) , but how they contribute to reward learning is largely unknown. To address this, Lee et al. (2016) expressed the excitatory opsin, channelrhodopsin-2 (ChR2), or the inhibitory opsin, halorhodopsin, in cholinergic interneurons of the NAc. Mice were then conditioned to associate one room of a two-room apparatus with cocaine, causing them to subsequently spend more time in the cocaine-paired room (known as conditioned place preference, CPP) even when cocaine was no longer available (Witten et al., 2010) . Following conditioning, mice were repeatedly re-exposed to the same two rooms, but cocaine was omitted (extinction). When ChR2-expressing cholinergic interneurons were excited during the initial extinction session, learning was facilitated; mice spent less time in the room that was previously paired with cocaine compared to controls on both the initial and subsequent extinction sessions. Conversely, when the activity of cholinergic interneurons was suppressed using halorhodopsin, extinction learning was impaired. Following ChR2-mediated stimulation of NAc cholinergic interneurons during extinction learning, synaptic strength was assessed in brain slices. The frequency of excitatory postsynaptic currents (EPSCs) in NAc medium spiny neurons, which receive diverse glutamatergic inputs, was reduced. Additionally, cholinergic stimulation during extinction learning enhanced the paired-pulse ratio in slices, suggesting that these cells can reduce local glutamate release probability onto medium spiny neurons. These results implicate cholinergic signaling in regulating ongoing extinction learning via synaptic modification. To test this possibility, the experiments were repeated, but in addition to stimulating cholinergic interneurons during extinction, an additional group of mice received stimulation in their home cages immediately prior to extinction learning. When stimulation was no longer paired with extinction, learning was not enhanced and synaptic plasticity was unaffected. Cholinergic regulation of NAc glutamatergic synapses was specific to cocaine CPP extinction learning. Activation of these neurons failed to affect extinction behavior in both food and foot shock CPP paradigms. Furthermore, only stimulation occurring concurrently with cocaine CPP extinction was sufficient to alter synaptic plasticity in the conditions tested.
Using similar methodologies, Jiang et al. (2016) investigated the role of cholinergic projections from the nucleus basalis (NBM) to the BLA in fear learning. In conditioned fear procedures in which a tone is paired with foot shock, freezing is a natural response to both the shock itself and the tone once conditioning has occurred. Since fear responses such as freezing are eliminated by lesions of the amygdala, it is commonly thought that this region is a critical mediator of emotionally charged learning (Ehrlich et al., 2009; Janak and Tye, 2015; LeDoux, 2000; Maren, 2001) . The NMB provides a prominent source of cholinergic innervation to the BLA, making this pathway well positioned to influence fear learning. Stimulation of NMB cholinergic afferents within the BLA using the excitatory opsin, oChIEF, did not affect initial fear learning or retention of the memory; however, the memory was especially resistant to extinction. Mice that were conditioned to the tone-shock pairing concurrently with cholinergic stimulation spent more time freezing during extinction than did controls. Inhibition of NMB cholinergic afferents in BLA during fear conditioning reduced the time spent freezing during initial learning and during a recall test 24 hr later. Moreover, pharmacologically blocking nicotinic and muscarinic acetylcholine receptors in BLA reduced conditioned freezing during recall and extinction. Together, these behavioral results demonstrate that cholinergic tone in the BLA contributes to conditioned fear learning, and the underlying electrophysiological changes support this possibility. Optogenetic stimulation of cholinergic afferents enhanced the firing of putative principle BLA neurons both in vivo and ex vivo. Following brief optogenetic activation of cholinergic inputs, putative principle BLA neurons, which receive cortical glutamatergic input, had a higher frequency of EPSCs. Pairing electrically evoked glutamatergic stimulation with optogenetic activation of cholinergic afferents also potentiated the amplitude and probability of electrically evoked EPSCs. Interestingly, photoactivation of cholinergic afferents in the BLA was sufficient to produce long term potentiation of the descending glutamatergic synaptic transmission in the absence of electrically evoked glutamate release. The results of this study implicate cholinergic tone within the BLA as a critical mediator of both learning and synaptic plasticity in the cortico-BLA pathway.
Taken together, these two papers convincingly demonstrate that cholinergic neuromodulation can influence both learning and glutamatergic synaptic plasticity in two distinct brain regions that are critical mediators of motivated behavior. These results extend the rich findings that cholinergic regulation of plasticity in other brain regions, such as the hippocampal formation, can influence memory (Cole and Nicoll, 1983; Hasselmo, 2006) and highlight the complex relationship between synaptic tuning and behavior. These results may indicate a common mechanism by which synaptic strength can be modified to orchestrate behavior in response to rewarding or emotionally salient events. Interestingly, cholinergic stimulation of corticostriatal and cortico-BLA synapses produced opposing effects on synaptic transmission and behavior (Figure 1) . Jiang et al. (2016) found that cholinergic stimulation potentiated cortico-BLA transmission and produced resistance to extinction. Complimentarily, Lee et al. (2016) found that cholinergic interneuron stimulation in the NAc reduced glutamatergic transmission and consequently facilitated behavioral extinction. Whether this bidirectionality results from procedural differences or rather physiological differences inherent to the pathways examined remains to be determined.
One intriguing difference between these two studies is that Lee et al. (2016) found optogenetic stimulation of NAc cholinergic interneurons alone insufficient to generate changes in synaptic strength. Rather, stimulation had to be paired with ongoing learning in order to effectively potentiate plasticity and facilitate learning. However, Jiang et al. (2016) found optogenetic stimulation of NMB cholinergic terminals within the BLA sufficient for LTP in the cortico-BLA pathway. While the functional relevance of this discrepancy is unknown, it raises the possibility that unique mechanisms exist within these pathways to promote or suppress learning. Notably, Lee et al. found that optogenetic activation or suppression of cholinergic neurons in the NAc failed to produce either rewarding or aversive phenotypes. Given the disparate physiological and behavioral consequences of cholinergic modulation of glutamatergic transmission in the NAc and BLA, it is unclear whether the latter promotes valence-specific behaviors. Based on these results, as well as many others, future studies may begin disentangling the components that permit divergent cholinergic modification of synapses and behavior.
